Limited data are available on the efficacy of oral bisphosphonate therapy in breast cancer survivors. Our goal was to examine prevention of breast cancer-related bone loss in this cohort.
INTRODUCTION
Although adjuvant chemotherapy has prolonged disease-free and overall survival in women with breast cancer, chemotherapy-induced early menopause is associated with bone loss and osteoporotic fractures. [1] [2] [3] [4] [5] [6] [7] The Risedronate Effect on Bone Loss in Breast Cancer (REBBeCa) trial was designed to examine the efficacy of risedronate once weekly, an oral antiresorptive therapy, in the prevention of bone loss in newly postmenopausal women with breast cancer treated with chemotherapy. 8 After 1 year, bone mass significantly increased at the spine and the hip with risedronate compared with placebo. 8 At baseline, roughly three fourths of these patients were on tamoxifen with 13% on an aromatase inhibitor (AI). However, with the resulting new information on AIs for the prevention of breast cancer recurrence, the standard of care shifted and more women were switched from tamoxifen to an AI. 1, 9 The second year of the study presents the efficacy of risedronate to prevent bone loss over 24 months. However, we were also able to examine the impact of treatment with or without concomitant use of an AI.
PATIENTS AND METHODS
Newly postmenopausal women (Յ 8 years postmenopausal and verified by gonadotropin levels) with stage I-III breast cancer in the greater Pittsburgh area who were treated with chemotherapy were screened for this study as previously reported. 8 Women were included with or without tamoxifen, an antiestrogen, or an AI concomitant therapy. During the 24 months of the trial, a portion of women were switched from tamoxifen to an AI or started on an AI by their private physician. Women with any illness known to affect bone mineral metabolism or on medications known to affect bone mineral metabolism
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were excluded. If a patient had an initial bone mineral density T-score in the osteoporotic range at the hip or spine or an adult fragility fracture they were counseled about options for therapy versus participation in the trial. Eightyseven women were randomly assigned onto the study. The protocol was approved by the University of Pittsburgh institutional review board and all participants provided written informed consent before participation.
Study Design
The study was a double-blind, placebo-controlled, randomized clinical trial over 12 months with a 12-month extension. The prespecified sample size and analyses for year 1 have previously been reported. 8 Patients were randomly assigned by computer generation to active treatment, risedronate 35 mg orally, once weekly or matching placebo. We assessed compliance by pill count.
We assessed dietary calcium intake with a validated questionnaire.
10
Subjects found to have calcium intake below 1,200 mg a day received supplements containing calcium carbonate 500 mg with 200 Us of vitamin D per tablet (Oscal plus D; GlaxoSmithKline, Middlesex, United Kingdom).
Outcome Variables
The primary outcome variables for the 24-month study included change in spine and hip bone mineral density. Additional outcomes included biochemical markers of bone turnover and safety. Bone mineral density was assessed at the spine (posterior anterior and lateral), hip (femoral neck, total hip, trochanter, intertrochanter), one-third distal and total radius at baseline, 6, 12, 18, and 24 months using dual energy x-ray absorptiometry (QDR 4500A; Hologic Inc, Bedford, MA). The coefficient of bone mineral density using our densitometer is 1.3% for the PA spine and 1.4% for the total hip. 11 We assessed the 25-hydroxyvitamin D by radioimmunoassay (ng/mL; Nichol Advantage; Nichols Institute Diagnostics, San Juan Capistrano, CA) and intact parathyroid hormone (pg/mL; Bayer Centaur parathyroid hormone immunoassays, Bayer, Tarrytown, NY). For bone resorption, we assessed a second morning urine for urinary N-telopeptide crosslinked collagen type 1 (NTX, nmol bone collagen equivalents/mmol creatinine; Osteomark, Ostex International, Seattle, WA). Our markers of bone formation included serum osteocalcin (ng/mL; Novacalcin; Quidel Corporation, Mountain View, CA) and serum intact N-terminal propeptide of type 1 procollagen (P1NP, ng/mL; Orion Diagnostica Inc, Espoo, Finland).
Statistical Analysis
Baseline subject characteristics were compared between the two treatment groups using independent samples t-, Wilcoxon rank sum, 2 or Fisher's exact tests, as appropriate, depending on the nature and distributions of variables. To compare outcomes between the two groups, we fitted mixed models using SAS MIXED (SAS Institute, Cary, NC) procedure with change from baseline in each outcome as the response variable; treatment group and time (6, 12, 18 , and 24 months) as the fixed effects of interest; baseline measurement of the outcome as a covariate; and a subject random effect to account for multiple measurements from the same subjects over time.
In a secondary analysis, we examined the changes in outcomes in the two treatment groups considering the increasing use of an AI as adjuvant cancer therapy. We operationally considered a subject to have been an AI user at a given assessment if she had been on anastrozole, exemestane, or letrozole for Ն 3 months since the previous assessment, and excluded subjects who switched back to no AI cancer therapy during the trial. Estimationmaximization algorithm 12 was used to impute outcomes of those changing their cancer therapy to an AI midtrial. First, a mixed linear model was fit using only data from subjects before switching cancer therapy, with change from baseline in each outcome as the response variable; treatment group assignment, time (6, 12, 18 , and 24 months), dominant cancer therapy since previous assessment (AI/no AI), and treatment group ϫ cancer therapy interaction as fixed effects of interest; baseline measurement of the outcome as a covariate; and a subject random effect. Using this model, we estimated outcome penalties (eg, possible loss of bone mineral density) at each time point for switching cancer therapy to an AI. Second, we used these penalties to adjust outcomes after switching to an AI so that data for those subjects could be analyzed as if they had been on an AI from the start of the trial. Without such an adjustment, the possibly greater bone mineral density of those switching to an AI later in the trial would contribute to underestimating the effect of AI on bone mineral density. If there is in fact no such AI effect on bone mineral density, the estimated penalties will be very small and would not alter the results. The first and second steps mentioned were performed iteratively a large number of times, each time with an updated set of penalty estimates, until they stabilized and converged. Both raw and percent changes were used in all analyses to ensure robustness of results.
RESULTS
As previously described, 106 women were screened with 87 eligible for random assignment (Fig 1) . At baseline, groups had similar clinical characteristics (Table 1 ). In the placebo group, breast cancer treatments included six women on an AI and 38 not on an AI (includes 25 on tamoxifen and one on toremifene citrate). In the risedronate group, five women were on an AI and 38 women were not on an AI (including 22 on tamoxifen, one on toremifene citrate, and one on fulvestrant). There were no differences in indices of bone mineral metabolism or density between treatment groups. Bone formation was significantly higher in the risedronate group as assessed by P1NP but not osteocalcin. The mean bone density measurements were in the normal range by WHO criteria, 13 2% had osteoporosis, and the remainder was classified as having normal or low bone mass.
At the end of year 1, four women in the placebo group and five women in the risedronate group declined to continue in the 12-month extension. After 24 months, 18 participants were on placebo and an AI (placebo plus AI), 20 were on risedronate and an AI (risedronate plus AI), 26 were on placebo and no AIs (placebo plus no AI), and 23 were on risedronate and no AIs (risedronate plus no AI). Three participants switched from an AI to a no AI during the trial. Compliance, as defined by taking at least 80% of the medication, was 70.5% in the placebo and 65.1% in the risedronate groups (P ϭ .88). Thirty-four women in the risedronate and 38 in the placebo group completed the entire 24 months of the study.
Comparison of Treatment Groups
After 24 months, women in the placebo group had significant (1.4% to 2.4%) losses of bone mineral density at all sites (including lateral spine, total hip, femoral neck, trochanter, one-third distal radius, and total radius) except for the PA spine (Fig 2; Table 2 ). Bone mineral density remained stable in the risedronate group except for significant losses at the radial sites. Overall, bone mineral density was significantly greater in the lateral spine, total hip, trochanteric, and femoral neck sites in the women on risedronate compared with those on placebo (all P Ͻ .05; Table 2 ). There were no significant differences between the groups in the bone mineral density of the one-third distal radius and total radius. Urinary NTX was significantly higher in patients on placebo compared with women on risedronate (P Ͻ .05). There were no significant differences in osteocalcin or P1NP between the groups (Fig 2 and Table 2 ).
Comparisons of Treatment and Cancer Therapy Groups
There were significant differences across these groups with respect to bone mineral density at 2 years. For example, bone density changes (mean Ϯ SE) at the spine included a decrease of 4.8% Ϯ 0.8% (P Ͻ .01) for placebo plus AI, a decrease of 2.4% Ϯ 1.1% (P Ͻ .05) for risedronate plus AI, no significant change for placebo plus no AI, and an increase of 2.4% Ϯ 0.8% (P ϭ .011) at 18 months for risedronate Prevention of Breast Cancer-Related Bone Loss www.jco.org plus no AI that was no longer significant at 24 months (Table 3 ; Figs 3 and 4). In the groups on an AI, bone mineral density loss was greater in women on placebo compared with risedronate (P Ͻ .01; Fig 3) . When patients on AIs were compared, there was a difference of 2.4 Ϯ 1.0 percentage points in spine bone density between women on placebo and risedronate (P ϭ .025). The placebo group had greater gains in spine bone density if they were not on an AI compared with those on an AI with a difference of 5.7 Ϯ 0.8 percentage points (P Ͻ .0001). This was also true for the risedronate group; there was a difference in spine bone mass of 5.1 Ϯ 0.9 percentage points (P Ͻ .001) when comparing those who were on an AI compared with those who were not. Similar significant differences were noted at the lateral spine (Figs 3 and 4) .
At the total hip, placebo plus AI group had the greatest loss of bone mass of 2.8% Ϯ 0.5% (P Ͻ .001) compared with risedronate plus AI group which maintained bone mass, or compared with the risedronate plus no AI group which gained 2.2% Ϯ 0.9% (P Ͻ .05) at the total hip (Table 3 ; Figs 3 and 4) . Among those on an AI, risedronate group gained 3.0 Ϯ 0.7 percentage points more than the placebo group. Similarly, among women receiving placebo, no AI group gained 2.6 Ϯ 0.6 percentage points (P Ͻ .001) more at the hip compared with those on an AI. In addition, those on risedronate had greater improvements in bone mass if they had not been concurrently treated with an AI compared with if they had been treated with an AI (a difference of 2.1 Ϯ 0.6 percentage points; P Ͻ .01). Similar differences were also noted at the femoral neck and trochanteric sites (Table  3 ; Figs 3 and 4) .
At the one-third distal radius, there were significant decreases in bone density of 2.1% Ϯ 0.6% and 2.7% Ϯ 1.1% (both P Ͻ .05) for women in the placebo plus AI and risedronate plus AI groups (Table  3) . Bone density remained stable in women not on an AI. Among women on risedronate, those who were not on an AI, had a 2.8 Ϯ 0.9 percentage point greater bone mineral density change at the one-third distal radius compared with those on an AI (P ϭ .002). Similar changes were observed at the total radius.
Bone turnover was greatest in the placebo plus AI group (Table 3 ; Fig 3) . Urinary NTX increased approximately 99% Ϯ 24% (P Ͻ .001) in the placebo plus AI group compared with risedronate plus AI and placebo plus no AI groups, which had no significant change. Risedronate plus no AI group demonstrated a significant decrease at 12 and 18 months that was no longer significant at 24 months (Fig 3) . Similar trends were noted for the markers of bone formation. Placebo plus AI group had the greatest increases in osteocalcin and P1NP over the 24 months. Risedronate plus no AI group had significant decreases in P1NP and osteocalcin observed at 6 months (Fig 3) .
Risedronate was well tolerated with no differences in adverse event rates between women receiving risedronate and placebo. After 2 years, there were two fractures in the placebo and three in the risedronate group. There were no significant differences in hospitalizations, gastrointestinal symptoms, arthraligias, or recurrence of breast cancer.
DISCUSSION
Oral risedronate once weekly prevented bone loss or improved bone mass, decreased bone turnover, and was well-tolerated in postmenopausal women with chemotherapy-induced menopause with or without adjuvant hormone therapy. Several previous studies have examined the impact of intravenous or oral bisphosphonates on skeletal health. The Zometa-Femera Adjuvant Synergy Trial (Z-FAST) involved postmenopausal women with early-stage breast cancer who were started on the AI, letrozole, and randomly assigned to upfront intravenous zoledronic acid every 6 months versus delayed therapy. 14 At 12 months, spine bone mineral density was 4.4% higher in the first-line group compared with the delayed group. Bone turnover was decreased in the first-line group compared with increases in the delayed group.
14 Delmas et al 15 randomly assigned 53 women with breast cancer-induced menopause (36 on tamoxifen) to oral risedronate versus placebo. The risedronate was given as a 30-mg daily dose for 2 weeks followed by 10 weeks off therapy. At 24 months, the difference in bone mineral density between the two groups was 2.5% at the spine and 2.6% at the femoral neck. Other studies have examined the efficacy of clondronate, [16] [17] [18] [19] which is unavailable in the United States. Our study is the first to examine the US Food and Drug Administration-approved dose of the oral bisphosphonate risedronate once weekly for this indication.
The American Society of Clinical Oncology updated guidelines for the treatment of bone health in women with a history of breast cancer in 2003. 20 They expanded the recommendations from 2000 21 and urged oncologists to take an expanded role in the assessment of Abbreviations: PBO, placebo; RIS, risedronate; PA, posterior anterior; NTX, N-telepeptide crosslinked collegen type 1; P1NP, N-terminal propeptide of type 1 procollagen.
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www.jco.org bone health. 20 They suggested all women on an AI have a bone density and women with osteoporosis receive treatment. For women with low bone mass (osteopenia) or a normal bone density, they suggested lifestyle changes, calcium, vitamin D, and follow-up bone mineral density. This study provides additional data to support and further broaden these guidelines. Given the significant bone loss in the women who did not have osteoporosis at baseline, our data would support treatment in women with low bone mass in addition to those with osteoporosis. Furthermore, all women should have adequate daily intake of calcium and vitamin D. 20, 22, 23 During the second year we noted significant differences between the two groups for osteocalcin and urinary NTX. When women were examined with and without concomitant AI therapy, risedronate decreased urinary NTX in women on an AI compared with the placebo group on an AI. A similar trend was observed for women not on an AI. Other investigators have examined biochemical markers in women with breast cancer on aromatase inhibitors versus tamoxifen. Banerjee et al 24 examined women treated with anastrozole, tamoxifen alone, or the combination and reported increases in bone resorption in women on anastrozole compared with no change in women on tamoxifen or the combination of both. Similar results were reported in the Anastrozole, Tamoxifen, Alone or in Combination (ATAC) trial. 25 They found increases in bone turnover markers in the women on the AI compared with decreases in women on tamoxifen. In a recent surveillance study, women with breast cancer were observed after 1 year of treatment with an AI. 26 In women treated with risedronate, there were decreases in bone resorption, compared with increases in bone resorption in the women who were on AI but not on risedronate. Our study extends these findings in a double-blind, randomized trial. We found the greatest increases in bone resorption in women who were on an AI in the placebo group with lower levels if they were on risedronate. There was relative maintenance of bone turnover in women who were on placebo and not an AI and a further decrease in the women who were on risedronate and no AI. These findings suggest that risedronate is able to reduce bone turnover with or without concomitant treatment of an AI.
This study had several limitations. We were not powered to examine fracture efficacy. Because on average women had a bone density classification in the normal range, it was unlikely that we would see a fracture in this study. During the course of the study, due to a shift in the standard of care, women were switched from tamoxifen to AIs or started on an AI by their physicians. Although this made the analysis more challenging, we were able to examine the impact of an AI on bone and the response to risedronate. This makes the results more generalizable. Because studies are ongoing regarding the use of AIs or estrogen agonist/antagonists in this population, future recommendations may be modified.
This study has several advantages. Our study was performed at a single center and bone density assessments were performed by the same technologist on the same machine. The dose and schedule of risedronate is the US Food and Drug Administration-approved dose for the prevention and treatment of postmenopausal osteoporosis and has been shown to reduce hip, vertebral, and nonvertebral fractures. 27,28 Moreover, although a meta-analysis of drug therapy for osteoporosis reported that up to one half of patients do not take medications as directed, 29 we observed a compliance rate of 65% to 70% at 2 years. There were no significant differences in adverse outcomes associated with oral bisphosphonates. Furthermore, because it was not an intravenous bisphosphonate, it was less likely to have concern for osteonecrosis of the jaw or atrial fibrillation which has recently been reported with intravenous bisphosphonates. 30 Finally, the changes in biochemical markers in bone turnover reflect a mirror image of the change noted in bone mass. Previous studies suggest that markers are an independent risk factor for fractures. 31 The reductions in markers of bone turnover with risedronate would suggest an additional advantage for fracture prevention in these women. In summary, we found that once-weekly oral risedronate was successful at maintaining or improving bone mass in postmenopausal women with cancer-related bone loss. This medication was welltolerated and proved to be effective with or without the use of an AI. Further studies are needed to determine whether these improvements in bone mass and decreases in bone turnover translate to fracture reduction for these patients. 
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